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ABSTRACT 
 
 
Due to more attacks on Gaza city using heavy weapons against it, like missiles and 
rockets that destroyed many reinforced concrete homes which were either fully or 
partially destroyed , Because of these attacks many cracks occurred in many 
reinforced concrete homes.   
The aim of this research is to replace ratio of coarse aggregate by plastic granules for 
mixing concrete to give concrete some flexibility to make it stronger to bear tensile 
forces and increase its strength, as well as making it more durable, as we know the 
plastic doesn't decompose with weather and give earlier warning for collapses. 
The study of this material with concrete by replacement ratios, as follow 0%, 2.5%, 
5%, 10% and make required tests. These tests are Compressive strength test, Impact 
test, through 28 days (static, dynamic), and recording results and study relationships 
in these cases as well as recording success or failure. 
On the other hand, Plastics are inexpensive, lightweight and durable materials, which 
can readily be molded into a variety of products that are used in a wide range of 
applications. 
In this research, the results showed an increase of the impact load by increasing ratio 
of Plastic Granules (PG), and increasing with Deflection (Def. ) which helps in 
preventing sudden collapse. However, there is decrease in Compressive strength (C.S 
) by increasing ratio of PG. Also, this research found the optimum ratio of volume to 
PG which is between ( 1-2.5% ). 
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 الملخص
 
مثل القذائف والصواريخ المدمرة نتج دمار كبير  بسبب كثرة الحروب على قطاع غزة واستخدام الاسلحة الثقيلة
ذلك يكون هناك تشققات  بسبب وو جزئي أتضرر بشكل كلي  دمر بالكامل ومنها ما منها ما ت الخرسانية وشاللمن
  .يظهر  لا يظهر ومنها ما على الخرسانة منها ما
للخلطة الخرسانية لاعطاء الخرسانة شيء من  استبدال نسب من الركام بمادة البلاستيك هوالمشروع والهدف من 
ن البلاستيك لا يتحلل مع العوامل كما نعلم ا جعلها أكثر ديمومة و وزيادة قوتها والشد  ىزيادة تحملها لقول الليونة
وسوف يتم دراسة هذه المادة مع الخرسانة , مبكر في حالة انهيار هذه المنشأة تحذير  لاعطاءكذلك  .الجوية
  )%01 , %5 , %5.2 , %0(  النسب كالتالي باستبدال
,  )ومتحرك , ثابت (  يوم 28  خلال هي اختبار الضغط  واختبار الضرباتو ,  اللازمةوعمل الاختبارات   
  .ومن ثم تسجيل النتائج ودراسة العلاقة في حالة نجاح هذه العينات او فشلها 
في  ةمصبوب تكون  غير مكلفة، خفيفة الوزن ومتينة، والتي يمكن بسهولة أن ادةم وهبلاستيك ال,  من ناحية أخرى
  .مجموعة متنوعة من المنتجات التي تجد استخدامها في مجموعة واسعة من التطبيقات
وزيادة في , النتائج أظهرت زيادة في تحمل الضربات مع كل زيادة في نسبة حبيبات البلاستيك , في هذا البحث 
غط مع كل زيادة في نسبة ولكن هناك نقص في قوة الض, وهذا يساعد في منع الانهيار المفاجئ , الانحناء كذلك 
 .% )2.8الى  1( للبلاستيك هي بين وجد أن النسبة المفضلة من الحجم  كما, البلاستيك 
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Chapter 1 
Introduction 
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Chapter 1 – Introduction 
 
1.1 Background 
 
In this a world filled with the plastic material, and it's know that the plastic material is 
non-degradable or melting, and disposal of it causes and leads to significant 
environmental problems, and we know that burning plastic causes damage to the 
ozone layer, and buried in the ground causes damage to plants, and organisms that 
live underground. 
Many people know the large number of concrete structures in our country and many 
wars too, and know how much concrete structures damaged because of these wars and 
still. 
So, why not take advantage of this material, improve utilization, and when processed 
it can be recycled. It's underestimate the threat that surrounds us because of it. It is 
possible to take advantage of them to make concrete with flexibility and durability 
than the known of concrete material without plastic. 
" As a consequence, the production of plastics has increased remarkably over the last 
60 years. However, current levels of their usage and disposal generate several 
environmental problems. Around 4 per cent of world oil and gas production, a non-
renewable resource, is used as feedstock for plastics and a further 3–4% is expended 
to provide energy for their manufacture."  Philos, T. & Lond, B.( 2009) . 
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1.2 Plastic Wastes in Palestine  
 
" Determine  the  composition  of   municipal solid waste ( MSW )  in Gaza Strip. 
Two field studies were conducted on landfills in Gaza Strip during  2010  and  2011  
to  find  out  the  average  composition of the MSW. The methodology and procedures 
for  this  study  were  derived  from  the  Standard  Test  Method  for  determination   
of   the   composition   of   unprocessed   MSW   (ASTM D 5231-92). All specimens 
were hand sorted into 7 waste categories (paper,  plastic,  food  waste,  other  
organics,  metals,  glass, and other waste).  The   composition   of   the   entire   waste   
stream   was   52%.   Organics  (most  of  them  are  food  waste),  13%  Plastics,  
11%  Papers,   3%   Metals,   3%   Glass   and   18%   other   Waste.   Consequently, 
these results should be taken as a baseline for the entire area. Index  Terms —
Municipal  solid  waste;  waste  composition;  landfills; Gaza strip"  Ahmad A, & 
Jehad H,  (2012) . 
Researchers insured that reusing of waste plastic as a sand substitution aggregate in 
concrete presents a good approach to reduce the cost of materials. Kou et al ) 2009) . 
 The Gaza Strip faces a chronic solid waste (SW) management and electricity 
shortage problem as a result of fifty years of political instability in the area coupled 
with a high population growth rate, an unhealthy economic condition . Omar K. Ouda 
,( 2013). 
There is a great interest in solving problems related to MSW management in the 
Palestinian territory. However, few studies have been done to assess the extent of 
these problems and suggest the best alternative solutions. This study aims at assessing 
MSW conditions in the seven major districts in northern West Bank, Palestinian 
territory . - Issam A. Al-Khatiba, ( 2009) . 
Municipal services in the Palestinian Authority (PA) areas, including the West Bank 
and Gaza Strip (WBGS), are facing serious difficulties that have been intensified 
following the outbreak of the Palestinian uprising in late September 2000. The solid 
waste management services, being the most essential services provided by the 
municipalities and village councils, are mostly affected by the ongoing harsh situation 
and hence proper solutions that take into account the actual amount of generated 
municipal solid waste and its composition is a pre-requisite for planning proper 
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treatment. Hence, a study was carried out to identify the actual status of solid waste in 
eight West Bank districts. A social survey was also conducted to collect information 
concerning the level of public awareness among communities surveyed to the 
perception of solid waste recycling and reuse. The results of the survey conducted in 
2001–2002 . Imad K. &Nader A, (2014). 
" to assess the physiochemical and microbiological quality of the domestic water 
through one-year long surveillance in Gaza Strip, Palestine. Water specimens were 
taken from rain-fed cisterns, groundwater from the water network, and desalinated 
water. For certain chemical parameters, such as nitrate, a high percentage of water 
specimens from all sources exceeded the limits of the Palestinian Standard Institution 
and the World Health Organization (WHO). Total dissolved solid (TDS) readings 
were non-compliant for most specimens from groundwater and water from rain-fed 
cisterns ."  Issam A. & Hassan A. A,  (2009) . 
 
1.3 Houses Destroyed by Wars on Gaza City & Palestine  
More than 10,000 houses full destroyed in Gaza city between 2008-2014  .  More than 
10,000 houses Part destroyed not able to live  in Gaza city between 2008-2014  . More 
than 10,000 houses Part destroyed able to live  in Gaza city between 2008-2014. Eng. 
Ali A, (  2014 ) . 
9800 houses full destroyed in Gaza city in 2014 , 8000 000 houses Part destroyed not 
able to live  in Gaza city 2014  , and More than 46,000  houses Part destroyed able to 
live  in Gaza city 2014 .- Lewa Roken, (2014) . 
" They are either in schools run by the UN organization UNRWA or they are staying 
with other families, who actually have their homes. There are many reasons for this. 
We have about 18,000 homes, which are either fully destroyed, or irreparably 
destroyed. So 18,000 homes means 18,000 families without a home today. But these 
figures have also been added to by those who’ve gone back to their homes and 
they’ve seen that they have no services, no electricity, no water – primarily due to 
destruction during the conflict. They have also not been able to access services. They 
don’t have adequate supplies, etc. In many ways, what they can get in the shelters is 
better than what they can get at home. They can perhaps have access to water in the 
shelters. "   RT - ‘18,000 UN , (2014) . 
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" The Gaza Strip has seen three wars with Israel since 2008, with Israel's 2014 
offensive destroying 12,600 homes, and leaving another 6,500 severely damaged and 
150,000 housing units uninhabitable."  MA’AN NEWS AGENCY , (2014 ) . 
 
1.4 Problem Statement  
 
The problem lies in that the plastic material is non-degradable or melting, found in 
large amounts in our society and our society locked in place and is restricted and 
limited (such as pipes, tanks, etc.). 
On the other hand, the concrete has a limited lifespan, and also do not bear a strong 
tensile and concussions and war. 
 Concrete cracks occur them easily because of the wars and may be the houses 
collapse after war within a few months/years without warning because of cracks on it 
without appear due to wars  . 
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1.5 Aim and Objectives 
 
Aim: 
To study behavior of concrete and reinforced concrete (RC ) that involves 
replacement of Coarse Aggregate (Coarse Agg.)  by plastic granules, and for help 
people in Gaza city and others cities  to improve concrete constructions ( more safety , 
early warning for collapse , cheaper) , and solving the environmental problem caused 
by Plastic and reducing the negative impacts of these wastes . 
 
Objectives: 
1- Mechanical behavior of Plastic concrete under static and impact load  . 
2- Characterization of concrete and reinforced concrete under Impact load. 
 
1.6 Research layout 
 
This research consist of six chapters . 
Chapter 1 (Introduction) 
This chapter includes talking about plastic in Palestine & global with definition the 
aim and objective of the research and defining the problem that led us to use the 
plastic as an alternative. 
Chapter 2 (Literature Review) 
This chapter talks about the life of plastic and concrete with each part of components 
of concrete and describe them by old researches . 
Chapter 3 (Methodology) 
Mentioning how mix design was done , and the preparation of the Materials , with 
some definition for our research . 
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Chapter 4 (Materials and Experimental Program) 
This chapter demonstrates the results for Compressive strength with Deflection and 
Impact test for cubes and beam specimens , and the Charts for the results . 
Chapter 5 (Test Results and Discussion) 
This chapter explains the results for specimens and discusses the results of the tests , 
that's where created for cubes and beam with Plastic Granules and for standard 
specimens  too  . 
Chapter 6 (Conclusions and Recommendations) 
The final chapter shows the conclusions for using Plastic Granules with Cubes 
(concrete) and with Beam (RC) specimens, and select the better Recommendations for 
future research. 
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Chapter 2 
 Literature Review )) 
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Chapter 2 - Literature Review 
   
2.1 Introduction 
Because of the consumption of large amounts of plastic in Palestine and Gaza city in 
specific. There are limited ways to deal with it and re-use it and spread randomly, and 
their environmental adverse effects. This can cause death of plants, death of 
organisms that live underground, pollution, and cost of disposing. 
Benefit from of these wastes in concrete mixtures will help partially in solving the 
environmental problem and reducing the negative impacts of these wastes, the effect 
of using Plastic granules on the physical, characteristics of the PCC will be studied. 
 
2.2 History of Concrete 
Concrete is an artificial stone-like material used for various structural purposes. It is 
made by mixing cement and various aggregates, such as sand, pebbles, gravel, shale, 
etc., with water and allowing the mixture to harden by hydration. 
Here are just a few facts that help in recognizing the importance of the topic of 
concrete: 
 Concrete is everywhere including places like roads, sidewalks, houses, 
bridges, skyscrapers, pipes, dams, canals, missile silos, and nuclear waste 
containment.  
 It is strong, inexpensive, plentiful, and easy to make. But more importantly, 
it's versatile. It can be molded to just about any shape. 
 Concrete is friendly to the environment. It's virtually all natural. It's 
recyclable. It is the most frequently used material in construction. 
 Slightly more than a ton of concrete is produced every year for each person on 
the planet, approximately 6 billion tons per year. 
 By weight, one-half to two-thirds of our infrastructures are made of concrete 
such as: roads, bridges, buildings, airports, sewers, canals, dams, and subways.  
 9 
 
The most popular artificial material on Earth isn’t steel, plastic, or aluminum — it’s 
concrete. Thousands of years ago, we used it to build civilizations, but then our 
knowledge of how to make it was lost. Here’s how we discovered concrete, forgot it, 
and then finally cracked the mystery of what makes it so strong. 
When think about concrete, it's usually picture white pavements, swimming pools, 
and building foundations. Most of us aren’t aware of concrete’s fiery volcanic origin 
story, or that concrete is a $100 billion dollar industry. In fact, it’s the most widely-
used material on our planet after water. Ton for ton, humans use more concrete today 
than steel, wood, plastics, and aluminum combined. 
The  main reason of need to find the concrete as an alternative is the  lack of cement 
mortar alone in compression strength, in addition to the many advantages of concrete 
material such as : 
 Fire resistant. 
 Aesthetic properties. 
 The raw materials used are widely available in great quantities. 
 Needs little or no finish or final treatments. 
 Chemically inert concrete doesn't require paint to achieve a given color; 
natural mineral pigments and coloring agents can be added at the mixing to 
provide a rainbow of options. 
 Low maintenance.  
 Can be reused or recycled. 
 Concrete have to be tested for several properties. 
1- Fresh Concrete Tests:  
     -   Slump Test.  
     -  Compacting Factor Test.  
2- Hardened Concrete Tests:  
      - Compression Test.  
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      - Direct Tensile Strength.  
      - Impact test. 
Concrete has high compressive strength, meaning it can hold a lot of weight without 
getting crushed. This makes it an excellent material for building and road foundations. 
But concrete gets bad marks for tensile strength. If it bends, it cracks. This is no 
Buenos for bridges, beams and columns. To improve concrete’s ductility, we add steel 
bars, glass or plastic fibers before it sets. This is called reinforced concrete. 
Concrete is mainly a mixture of cement (11%), fine aggregates (26%), coarse 
aggregates (41%) and water (16%) and air (6%) and sometime chemical admixtures.  
Portland cements are hydraulic cements, meaning they react and harden chemically 
with the addition of water. Cement contains limestone, clay, cement rock and iron or 
blended and heated to 1200 to 1500 C°, the resulting product "clinker" is then ground 
to the consistency of powder. Gypsum is added to control setting time.  
Fine aggregates normally called sand, this component can be natural sand or crushed 
stone, and represents particles smaller than 3/16", generally accounts for 30%-35% of 
the mixture.  
Coarse aggregates may be gravel or crushed stone, makes up 40%-45% of the 
mixture, comprised of particles greater than 3/16".  
Finally chemical admixtures which are materials added to alter the properties of 
concrete .  
 
2.3 Plastic Granules 
2.3.1 Plastic in The World 
 
Wikipedia (2016) , " Plastic is a material consisting of any of a wide range of 
synthetic or semi-synthetic organic compounds that are malleable and can be molded 
into solid objects. Plastics are typically organic polymers of high molecular mass, but 
they often contain other substances. They are usually synthetic, most commonly 
derived from petrochemicals, but many are partially natural. 
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 Plasticity is the general property of all materials that are able to irreversibly deform 
without breaking, but this occurs to such a degree with this class of moldable 
polymers that their name is an emphasis on this ability. 
The world's first fully synthetic plastic was Bakelite, invented in New York in 1907 
by Leo Baekeland who coined the term 'plastics'. Many chemists contributed to the 
materials science of plastics, including Nobel laureate Hermann Staudinger who has 
been called "the father of polymer chemistry" and Herman Mark, known as "the father 
of polymer physics". The success and dominance of plastics starting in the early 20th 
century led to environmental concerns regarding its slow decomposition rate after 
being discarded as trash due to its composition of very large molecules. Toward the 
end of the century, one approach to this problem ". 
The word plastic is derived from the Greek πλαστικός (plastikos) meaning "capable of 
being shaped or molded", from πλαστός (plastos) meaning "molded". It refers to their 
malleability, or plasticity during manufacture, that allows them to be cast, pressed, or 
extruded into a variety of shapes—such as films, fibers, plates, tubes, bottles, boxes, 
and much more. " 
Recycling is the practice of recovering used materials from the waste stream and then 
incorporating those same materials into the manufacturing process. Recycling is one 
of the prominent is used in these environmentally conscious era. Hai Y. K, ( 2005). 
Baboo Rai, ( 2012 ) found that disposal of plastic waste in environment is considered 
to be a big problem due to its very low biodegradability and presence in large 
quantities. In recent time, significant research is underway to study the possibility of 
disposal of these wastes in mass concrete.  
While change of strength of concrete to be better than before and reduce cost of 
concrete. 
From cell phones and computers to bicycle helmets and hospital IV bags, plastic has 
molded society in many ways that make life both easier and safer. But the synthetic 
material also has left harmful imprints on the environment and perhaps human health, 
according to a new compilation of articles authored by scientists from around the 
world. 
 12 
 
More than 60 scientists contributed to the new report, which aims to present the first 
comprehensive review of the impact of plastics on the environment and human health, 
and offer possible solutions . 
“One of the most ubiquitous and long-lasting recent changes to the surface of our 
planet is the accumulation and fragmentation of plastics,” wrote David Barnes, a lead 
author and researcher for the British Antarctic Survey. The report was published this 
month in a theme issue of Philosophical Transactions of The Royal Society B, a 
scientific journal. 
As the scrutiny of the environmental toll of plastic increases, so has its usage, the 
scientists reported. 
The amount of plastic manufactured in the first ten years of this century will approach 
the total produced in the entire last century Since its mass production began in the 
1940s, plastic’s wide range of unique properties has propelled it to an essential status 
in society. Next year, more than 300 million tons will be produced worldwide. The 
amount of plastic manufactured in the first ten years of this century will approach the 
total produced in the entire last century, according to the report. 
 “ Plastics are very long-lived products that could potentially have service over 
decades, and yet our main use of these lightweight, inexpensive materials are as 
single-use items that will go to the garbage dump within a year, where they’ll persist 
for centuries,” Richard Thompson, lead editor of the report, said in an interview. 
Evidence is mounting that the chemical building blocks that make plastics so versatile 
are the same components that might harm people and the environment. And its 
production and disposal contribute to an array of environmental problems, too. For 
example : -Chemicals added to plastics are absorbed by human bodies. Some of these 
compounds have been found to alter hormones or have other potential human health 
effects 
-Plastic debris, laced with chemicals and often ingested by marine animals, can injure 
or poison wildlife 
- Floating plastic waste, which can survive for thousands of years in water, serves as 
mini transportation devices for invasive species, disrupting habitats 
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- Plastic buried deep in landfills can leach harmful chemicals that spread into 
groundwater. 
- Around 4 percent of world oil production is used as a feedstock to make plastics, 
and a similar amount is consumed as energy in the process. 
People are exposed to chemicals from plastic multiple times per day through the air, 
dust, water, food and use of consumer products . 
For example, phthalates are used as plasticizers in the manufacture of vinyl flooring 
and wall coverings, food packaging and medical devices. Eight out of every ten 
babies, and nearly all adults, have measurable levels of phthalates in their bodies. 
In addition, bisphenol A (BPA), found in polycarbonate bottles and the linings of food 
and beverage cans, can leach into food and drinks. The U.S. Centers for Disease 
Control and Prevention reported that 93 percent of people had detectable levels of 
BPA in their urine  
The report noted that the high exposure of premature infants in neonatal intensive care 
units to both BPA and phthalates is of “great concern .”  
Polybrominated diphenyl ethers or PBDEs, which are flame-retardants added to 
polyurethane foam furniture cushions, mattresses, carpet pads and automobile seats, 
also are widespread. 
The plastics industry maintains that its products are safe after decades of testing. 
“Every additive that we use is very carefully evaluated, not just by the industry, but 
also independently by government agencies to look at all the materials we use in 
plastics,” said Mike Neal, a consumer and environmental affairs specialist at Plastics 
Europe, an industry trade association, and a co-author of the report . 
But some of these chemicals have been shown to affect reproduction and development 
in animal studies, according to the report. Some studies also have linked these 
chemicals with adverse effects in people, including reproductive abnormalities. 
“It's have animal literature, which shows direct links between exposure and adverse 
health outcomes, the limited human studies, and the fact that 90 to 100 percent of the 
population has measurable levels of these compounds in their bodies,” said John 
Meeker, an assistant professor of environmental health sciences at the University of 
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Michigan School of Public Health and a lead author. “You take the whole picture and 
it does raise concerns, but more research is needed .”  
Shanna Swan, director of the University of Rochester's Center for Reproductive 
Epidemiology, conducted studies that found an association between pregnant 
women’s exposure to phthalates and altered genital development in their baby boys. 
Also, people with the highest exposure to BPA have an increased rate of heart disease 
and diabetes, according to one recent study. Animal tests studies of PBDEs have 
revealed the potential for damaging the developing brain and the reproductive system. 
" Yet the effects on human health remain largely unknown. To help shed more light 
on the issue, the report recommends more sophisticated human studies" Jessica A. K , 
(2009). As shown in Figure 2.1:  World Plastic Production Grow & Figure 2.2: Plastic 
Pollution 
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Figure 2.1:  World Plastic Production Grow by Gity Mir Mohamad Sadeghi and Sayaf 
Mahsa (2015 ) 
 
Figure 2.2: Plastic Pollution by Plastic Group (PEMRG by Gity Mir Mohamad Sadeghi and 
Sayaf Mahsa (2015 ) 
  
 
2.3.2  Plastic in Palestine 
 
Palestine Plastic Industries Company ( PPIC ) is a public shareholding company, 
listed on the Palestine Exchange (PEX) with a paid in capital of 7 millions JOD, it 
was established in 1998  to be the nucleus to the Plastic Industry in Palestine to meet 
requirements of local and regional demand of this range of plastic products. 
PPIC main activity is processing and conversion of raw material into semi-finished 
(Pre-forms ) and finished plastic packages ( Bottles) with different sizes and shapes to 
be used in water, juices, and soft drinks packaging. 
In addition PPIC produces different types and sizes of plastic pipes, for hot and cold 
water networks. 
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Also the company provides after sale services, by providing the contractors with the 
technical support and training needs to ensure the quality of installation. 
PPIC is committed to satisfy its customers by providing high quality products at the 
highest standards and cost effective manner. 
PPIC is also committed to continually improve and review the effectiveness of its 
quality system to achieve customer satisfaction . Palestine Industrial Investment 
Company ( 2016 ) , as shown in Figure 2.3 Percent of Plastic Waste . 
  
Figure 2.3 Percent of Plastic Waste by Knoema Site (2016) 
 
Generation rate per capita 7 was estimated to be 0.94 kg/day, in gs at 1.045kg/day, 
and in the west Bank at 0.939kg/day. It is estimated that waste generation rate per 
year increases by 4%; where 3% is increase due to natural population growth, and 1% 
is due to increase in  generation  rate  per  capita.  Per  capita waste generation in rural 
communities (very small villages)  was  observed  to  be  between  0.35kg/day to  0.6  
kg/day;  in  the  big  urban  areas  ranges  from (0.9 to 2.05kg/day), while in middle 
size towns from 0.6kg/day  to  0.9kg/day  (according  to  PCBs,  most of these middle 
size towns are classified as urban areas) . 
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Figure 2.4:  Percent Solid Waste in Palestine by Dr. Reem Muslih (2014) 
 
Ahmad AbdAlqader & Jehad Hamad (2012) studied and determine the composition of   
MSW in Gaza Strip. Two field studies were conducted on Gaza Strip landfills during 
2010 and 2011 to find out the  average  composition of the MSW. The methodology 
and procedures for  this  study  were  derived  from  the  Standard  Test  Method  for  
Determination   of   the   Composition   of   Unprocessed   MSW   (ASTM D 5231-
92). All specimens were hand sorted into 7 waste categories  (paper,  plastic,  food  
waste,  other  organics,  metals,  glass, and other waste).  The   composition   of   the   
entire   waste   stream   was   52%   Organics  (most  of  them  are  food  waste),  13%  
Plastics,  11%  Papers,   3%   Metals,   3%   Glass   and   18%   Other   Waste.    
2.4  Plastic with  Concrete and R.C 
Re-use of plastic waste as a sand volume substitution of fine aggregate to produce 
lightweight concrete (LWC) that resists shear stresses after heat exposure. Khattab A. 
(2015) . 
The prepared concrete was lighter, more ductile, and higher in resistance with lower 
in drying shrinkage and to chloride ion penetration, but the workability, compressive 
strength and splitting tensile strength were reduced. Semiha A. (2010) . 
Lakshmipathy et.al. (2003) , have done experimental investigations to study the 
suitability of the use of Re-engineered plastics as fibers for road pavements. The 
properties studied include compressive strength, tensile strength, flexural strength 
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under reversed cyclic loading, impact resistance, plastic shrinkage and abrasion 
resistance etc., Efforts have been made to compare it steel fibers. The results have 
shown that the improvement of concrete properties at lower cost is obtained with Re-
engineered plastic shred reinforced concrete. 
Prabir Das (2004) , have suggested that plastics can be used in construction industry 
at various places. Proper selection of material / grade and suitable design 
considerations can help to replace many more applications. Lighter weight, design 
flexibility, part integration, low system cost, very high productivity and improved 
product appearance are the main features for use of engineering plastics. The 
engineering thermoplastics and introduction of application specific grades has thrown 
challenges to conventional materials in the industries. This paper provides all the 
supports in selecting suitable engineering plastics, process and design for conversion 
of conventional material to engineering plastics for performance and system cost 
benefits. 
Agarwal (2004) , have conducted pilot level studies using industrial PVC scrap to 
develop PVC board. Efforts have been made in developing innovative number of such 
alternative building materials. These would be helpful in saving our precious forest 
and environment efficiently and economically on commercial exploitation. Developed 
materials are mostly wood alternatives used in the construction of door shutters, 
frames, false ceiling, thermal insulation and alike applications. Developed sustainable 
alternative building materials are good economic replacement of wood and other 
reconstituted wood products commercially available and would be helpful in cost 
effective constructions. 
Vasudevan  (2004), In his report has given most useful ways of disposing waste 
plastics and laying roads have come to light in a research carried out by the Chemistry 
Department of Thiyagarajar College of Engineering. They have reported that the 
waste plastics may be used in block making modified light roofing, mastic flooring 
and polymer reinforced concrete. The novel composition of waste polymer-aggregate 
blend has been patented. They have suggested that utilization of waste plastics to 
enhance the binding property is better option than disposing or enforcing a blanket 
ban on the use of plastics. It has been reported that the per capita use of plastics in 
India is 3.5 kg, with virgin plastics accounting for 3.1 million tonnes and recycled 
plastics, one million. The use in Tamilnadu, with over 7000 units manufacturing 
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material is put at 2.4 lakh tones per year. The ‘Garbage Culture’ has made disposal of 
waste plastic a major problem for civic bodies.  
2.4.1  Compressive Strength & Flexural & Other Tests 
S. Gowri & N. Rajkumar ( 2004 ) , they investigated the effective use of domestic 
wastes (plastics) in concrete in order to prevent the environmental strains caused by 
them, also to limit the consumption of high amounts of natural resources. 
For his research he's used Four types of plastic materials were selected to mix along 
with the concrete: (1) Polythene Sheet (2) Raw Plastics (3) Road Wastes (4) Plastic 
Straw to study their behavior in conjunction with concrete. before make a test he 
studied all properties of those materials , and he's found the optimum mix of the 
above plastic materials . After that he tested them with Concrete and RC  in 
compressive strength . 
About compressive strength: From their studies it shows that the polythene sheet 
mixed RC columns were found to resist an average load of 105.5 kN in compression. 
This was better than the reference RC columns which took an average load of 100 kN. 
But about strain: After tested the RC for C.S with Strain they founded these results for 
reference RC columns were found to have a maximum strain of 0.2x10^-3 at 
maximum load of 100kN. The variation of strain is uniform with the increase in load. 
The polythene sheet mixed RC columns were found to have a maximum strain of 
2.67x10^-3 at maximum load of 105.5kN. The strain was found to increase with slight 
increase in load. The road waste mixed concrete RC columns have a strain of 
0.25x10^-3 at a maximum load of 122.5kN. The strain profile was found to have a 
minimum variation in between the load range of 20 to 60kN. Raw plastic mixed 
concrete RC columns have a maximum strain of 5.14x10^-3 at a load range of 
108.5kN. From the observations made, it was found that raw plastics mixed columns 
have maximum strain when compared with all the other RC columns. Plastic straw 
mixed RC columns have a uniform strain variation pattern up to initial crack load and 
the strain increased more with increase in minimum load. 
B.T. Ashwini Manjunath (2016) , studied and tested the E-waste particles as fine and 
coarse aggregates in concrete with a percentage replacement ranging from 0 %, 20% 
to 30% i.e. (0%, 10%, 20% and 30%) on the strength criteria of M20 Concrete 
Compressive strength, Tensile strength and Flexural strength Concrete with and 
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without E- waste plastic as aggregates was observed which exhibits a good strength. 
The feasibility of utilizing E-waste plastic particles as partial replacement of coarse 
aggregate has been presented. 
He used technique adopted for his study was Hand mixing and by using concrete 
mixer to make specimens. The specimens were then immersed into a curing tank in 
order to increase the strength of the concrete, promote hydration, eliminate shrinkage, 
and absorb heat of hydration until the age of test. The cubes and cylinders were cured 
for 7, 28 and 56 days. The cubes and cylinders were then weighted before testing, 
while densities of the cubes at different times of testing were measured. Prior to 
testing, the specimen were brought out of the curing tank, left outside in an open air 
for about 3hrs before crushing. The compressive strength of the cubes were tested in 
accordance with BS 1881 . The author comparing above results with conventional 
concrete at 28 days the compressive strength, split tensile strength and flexure 
strength of concrete is reduced by 52.98% when coarse aggregate is replaced by 20% 
of E-waste. This provides that the strength of concrete gets reduced when fine 
aggregate are replaced by E-waste ,  He's Noted the compressive strength values of all 
waste plastics concrete mix tend to decrease below the values for the reference 
concrete mixtures with increasing the waste plastic ratio at all curing stages , and 
flexural strength values and split tensile test of waste plastic concrete mixtures tends 
to decrease below the values for the reference concrete mixture made of 20 % waste 
plastic has the lowest flexural strength and tensile strength at 28 days of curing ages . 
And suggested to introduction of plastics in concrete tends to make concrete ductile, 
hence increasing the ability of concrete to significantly deform before failure. 
 This characteristic makes the concrete useful in situations where it will be subjected 
to harsh weather such as expansion and contraction, or freeze and thaw. 
Abdulkader A,& Nahla H, (2015) , they tried to develop and improvement to some 
properties of self-compacted concrete (SCC) by adding waste plastic fibers (WPF) 
resulting from cutting beverage bottles. and they made many of the tests were 
conducted to investigated the effect of adding WPF on the fresh properties, whereas 
other tests were applied on that kind of concrete to study the effect of this type of 
waste on hardened properties. For this reason, different self-compacting concrete 
mixtures were designed at constant water-to-binder ratio of 0.35 and 490 kg/m3 of 
binder content. The class F fly ash was replaced with cement as 25% by weight. The 
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eighth designated plastic fiber contents of 0%, 0.25%, 0.5%, 0.75%, 1%, 1.25%, 
1.5%, 1.75% and 2% by volume. The workability properties of self-compacting 
concrete mixtures were performed to slump flow diameter, T50 slump flow 
simultaneously, V-funnel flow at the same time, and L-box height ratio., they found 
after 7, 14 and 28-day to specimens of their research the compressive strengths of 
self-compacting concretes were also measured. Moreover, the 7, 14 and 28-day 
flexural strengths of concretes were also measured. they found in the research that the 
plastic fibers have reverse effect on the fresh properties of self-compacting concrete 
and improvement by hardened properties. 
Sina Safinia & Amani Alkalbani ( 2016) , proposed to find the possibility of using 
plastic bottles in concrete block. In their study make plastic bottles were used to 
create a voids at equal distance between plastic bottles in the buildings units.  In this 
research they are designed  tests for eight concrete blocks, and seven concrete 
cylinders , and six hollow concrete blocks from the Oman’s market. For Each block 
eight plastic bottles (500ml) was positioned. The main idea is to control the concrete 
buildings to meet the ASTM C140 requirements. The compressive strength test was 
made  for three times. First test was after 7days, the second time after 14 days and the 
last after 28 days. Moreover on the compressive strength of cylinders, bottle blocks 
and hollow concrete markets were demonstrated .  They found in the end of this 
research , the compressive study of plastic bottled concrete blocks used with local 
materials. The nearly of compressive strength and density between cylinder, bottled 
concrete blocks and hollow concrete blocks are acceptable. Moreover, in comparison 
to Omani hollow concrete blocks the concrete blocks with plastic bottles shown 57% 
higher compressive strength. They think this research on the other properties, 
economics and environmental benefits can be conducted to confirm the practice of 
using water bottles inside concrete blocks. 
Rahmani et al. (2013),  observed that the 5% replacement of fine aggregates with 
Polyethylene Therephthalate (PET) particles yields better results in compression. On 
5% replacement compressive strength of concrete increases by 8.86% and 11.97% for 
a water cement ratio 0.42 and 0.52 respectively. However, with further increase in 
PET particles to 10% and 15% the compressive strength of concrete decreases due to 
weak cohesion between the texture and the PET particles. PET particles act as a 
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barrier and prevent the cement paste from adhering to natural aggregates. As a result, 
concrete strength decreases gradually. 
Youcef Ghernoutia et al ( 2014 ), proposed to provide an idea where to study the fresh 
and hardened properties of self-compacting concrete (SCC) containing plastic bag 
waste fibers (PBWF). Fibers were prepared by recycling waste material such as, 
plastic bag. Fourteen mixtures of SCC with 0.40 of water/cement ratio were studied, 
twelve SCC mixtures with plastic bag waste fiber (WFSCC) by varying the length of 
fibers (2, 4 and 6 cm) with different levels of incorporation (1, 3, 5 and 7 kg/m3) and 
two other mixtures, one with 1 kg/m3 of polypropylene fibers (PFSCC) and another 
without fiber as reference (RSCC). They make some tests to the specimens as Slump 
flow, L-box, and sieve stability were performed to assess the fresh properties of the 
prepared mixtures. and compressive strength, splitting tensile strength and flexural 
strength of the concrete were to find the hardened properties. 
and the results for their research show that mixtures depended on PBWF with a length 
of 2 cm, met the criteria of self- compactability (evaluated by slump flow diameter, L-
box and sieve stability test) regardless of the fibers content. The benefit of this results 
are very interesting, suggesting a possible use of PBWF for structural reinforced of 
SCC, the presence of this fibers in concrete delaying the location of micro cracks.  
Reported that, the Fusion of PBWF has not a significant effect on the compressive 
and flexural strengths, it has a important effect on the split tensile strength value at 28 
days. The improvement varies from 4% to 74%, it depends on the amount of fibers, 
and it is not affected by the length of PBWF. 
Dr. Sheelan M. H, & Dr. Nahla N. H, ( 2016 ) , conducted to investigate effecting of 
using plastic waste as partial replacement of fine aggregate, on the fresh 
characteristics of self-compacting concrete (SSC). In this research , it's a different 
self-compacting concrete mixes were designed at constant water-to-cement ratio of 
0.32 and 520 kg/m3 of cement content. 
 The class F fly ash was replaced with cement as 30% by weight. The six designated 
plastic waste contents of 0,2.5, 5, 7.5, 10, and 12.5% and three different sized Plastic 
wastes (Fine Plastic wastes, Coarse Plastic wastes, and Mixed Plastic waste) were 
considered as experimental parameters. The workability properties of self-compacting 
concrete mixtures were performed regarding to slump flow diameter, T50 slump flow 
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time, V-funnel flow time, L-box height ratio, and L-box T20 and T40 flow times. The 
28-day compressive strengths of self-compacting concretes were also measured. 
They found in their research that's the self-compacting plastic waste concretes with 
slump flow diameter values between 650 and 750 mm , and Slump flow time was also 
influenced by plastic waste content. Increasing the plastic waste content resulted in 
increasing the slump flow time. Also, CPW concrete had the highest slump flow time. 
The slump flow time for the reference mixture was 1.50s while the mixture with 
FPW, CPW, and MPW concrete at 12.5% replacement level had the slump flow time 
of 3.04, 3.42, and 3.12s, respectively. 
The L-box height ratio was also affected by the content and size of using plastic 
waste. Increasing the plastic waste content caused systematical decreasing the L-box 
height ratio. Found, After plastic waste replacement by sand aggregate  contents of 
0,2.5, 5, 7.5, 10, and 12.5% and three different sized Plastic wastes  , The range of 
compressive strength values in this work were about 65 MPa to 37MPa. Decreasing in 
compressive strength was observed as plastic content increased comparison with 
control mix without plastic waste . 
Khattab S. A, ( 2015 ), focused in his study to properties of both structural & non-
structural waste plastic LWC before and after heat exposure. and to trying a determine 
the efficiency of reusing waste plastic in the production of both structural & non-
structural waste plastic to  lightweight concrete ( LWC) He's made a 24 of W-ST 
specimens and tested before and after heat exposure to 200oC. and made  many tests 
including slump & compressive strength& others .  Then , Found in his results that's 
the Heating concrete to 200oC affects the strength properties negatively.  Decrease 
takes place in strength properties when waste plastic is partially replaced by sand (in 
order to produce nonstructural LWC). 
Aswathy N. & Allzi A, ( 2016 ) , they are focused on the improvement of the benefits 
of using crimped plastic fibers, from waste PET bottles with concrete mix to 
improvement it. An tests was carried out in the laboratory including  Compression 
Strength  , Flexural Strength , Split Tensile Strength & others , the tests were 
observed. The plastic fibers were added from 0% to 1.5% for different aspect ratios. 
They found in their research,  the major improvements in strength were observed with 
addition of plastic fibers in concrete.  After they made a tests for specimens which 
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have ratio of Plastic fiber from 0% to 1.5% , The optimum strength was obtained at 
1% of Plastic fiber content for all types of strengths there after decreasing in strength 
were observed . The tensile strength and flexural strength at relatively low fiber 
content (up to 1%) are affected by Plastic fiber . 
Zainab Z. I, &  Enas A. A, ( 2008 ) ,  in this study the authors made about 86 
experiments and 254 specimens tests to find the efficiency of reusing waste plastic in 
the production of concrete.  They used as a partial replacement of sand by 0%, 10%, 
15%, and 20% by waste plastic .  all their tests are include performing slump, fresh 
density, dry density, compressive strength, flexural strength, and toughness indices.  
Curing ages of 3, 7, 14, and 28 days for the concrete mixtures were applied in this 
research .  
They are got in their results shown that the slump is prone to decreasing fast with 
increasing the waste plastic ratio. The reductions of slump are 68.3%, 88.33%, and 
95.33% for Pl2, Pl3 and Pl4, respectively. And that the fresh density tends to decrease 
by 5%, 7%, and 8.7% for Pl2, Pl3 , and Pl , respectively too .   
In this research it is found the dry densities at each curing age tend to decrease with 
increasing the waste plastic ratio in each concrete mixture, but the dry densities tend 
to increase with time for each concrete mixture at all curing ages.  Reported when  
there are increasing the waste plastic ratio, the results show a curvature for 
compressive strength values of waste plastic concrete mixtures to decrease below the 
plain mixtures at each curing age. These results show that the flexural strength of 
waste plastic concrete mixtures at each curing age is prone to decrease with the 
increase of the waste plastic ratio in these mixtures. 
Byung-Wan et al. (2006) ,  studied the mechanical properties such as the compressive 
strength, the splitting tensile strength, and the flexural strength of polymer concrete 
using an unsaturated polyester resin based on recycled PET. They concluded that at 
the age of 7 days, polymer concrete using resin based on recycled PET achieved 
compressive strength of 73.7 Mpa, flexural strength of 22.4 Mpa, splitting tensile 
strength of 7.85 Mpa, and elastic modulus of 27.9 Gpa. Some relationships exist 
between the compressive strength of polymer concrete and other properties (elastic 
modulus, flexural strength, and splitting tensile strength). The use of recycled PET in 
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polymer concrete helps in reducing the cost of the material, solving some of the solid 
waste problems posed by plastics, and saving energy. 
Raafat friend, Jamal Khatib & Inderpreet Kaur (2008), in their  Research they  studied 
on the using of waste products in concrete, one such waste is plastic, which could be 
used in various applications. They tried to develop new construction materials by 
using recycled plastics and it's important to both the construction and the plastic 
recycling industries. here were they studied of presents a detailed review about waste 
and recycled plastics, waste management options, and research published on the effect 
of recycled plastic on the hardened properties of concrete and other. and what is effect 
of recycled and waste plastic on compressive strength and others.    
They found in the end, the compressive strength of concrete containing 10–50% 
recycled plastic aggregates ranged between 48 and 19 MPa. Compressive strength 
decreased with the increase in recycled plastic content. Reduction in the compressive 
strength was between 34% and 67% for concrete containing 10–50% recycled plastic. 
Rai et al. (2012) , reported that the flexural strength of concrete decreases with the 
addition of plastic fiber. When fiber is added from 5% to 15%, flexural strength 
decreases from 4 MPa to 3 MPa. In addition, it was reported that superplasticizers do 
not significantly affect flexural strength and that the surfaces of plastic waste fibers 
decrease the adhesive strength between the matrix surfaces. 
Prahallada & Parkash (2013), reported results from waste plastic fibers prepared with 
aspect ratios of 30, 50, 70, 90, and 110. These authors observed that the flexural 
strength generally increased up to an aspect ratio of 50 and decreased as the aspect 
ratio increased beyond 50. The percentage increased in flexural strength was 10%. 
 
Saikia & Brito (2014) , studied the effect of the addition of three different shape 
plastic particle such as shredded fine shaped (PF), shredded coarse shaped (PC) and 
heat treated pellet (PP) on the compressive strength of concrete. The study revealed 
the 28 days compressive strength of concrete with 5%, 10% and 15% PP aggregate is 
more than 75% of the compressive strength of reference concrete. The 25% strength 
loss occurred due to the less interaction of PET-aggregate with cement paste and 
therefore weak interfacial transition zone (ITZ). The strength achievement of PF and 
PC is less than the PP aggregate. 
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2.4.2 Impact loading Test   
 
Bayasi & Zeng ( 1993),  investigated the influence of polypropylene fibers on the 
impact resistance of concrete. Based on the test results, they concluded that 
polypropylene fiber enhanced the impact resistance of concrete significantly. This 
was especially true for 12.7 mm long fibers. These fibers significantly increased the 
impact resistance of concrete for volumes that do not affect mix workability (less than 
0.5%), while, at higher volume contents, impact resistance may tend to decrease. 
Mustafa Al, et al (2012 ),  they are reported for partial replacements of sand by waste 
crumb rubber and fine rubber, and cement by powder rubber to improvement the 
properties of concrete .The replacements was  5%, 10% and 20 %  by volume for both 
sand and cement , they are used many techniques and test such as impact loading , and  
Compressive strength and other  . 
In the last of their research, they got many of results for impact loading, Compressive 
strength . 
For Compressive strength , they found the average compressive stress of the plain 
concrete in 28 days is 47MPa. As the sand is replaced by fine crumb rubber, the 
compressive stress reduces by 13, 21 and 28% with 5, 10, and 20 % of volumes 
respectively, while with the crumb rubber, the respective reductions were 11, 15 and 
19 %. However, in the case of cement replacement by rubber powder the 
corresponding reductions are 19, 32 and 53%. For impact loading , Founded the 
number of impact blows requirement for producing the first visible crack and ultimate 
failure for each type of concrete specimens ,  the first crack resistance increases by 
26% and 68% with 5% and 10% replacements respectively, of cement by rubber 
powder; at 20% replacement, although a reduction is observed, it is still 46% higher 
than that of the plain concrete.  But they shown that the replacement of cement by 
rubber powder improves the ultimate failure impact resistance by 6% and 13% for 
volume fractions of 5% and 10%; a reduction is observed at 20%, yet higher than 
plain concrete by 2%. 
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2.5  Summary  
 
The aim of this research is to study and analysis the impact and static load on concrete 
and RC by using Rep. ratios of coarse agg. by PG . the tests done for 36 cubes and 36 
beams , each ratio take 9 cubes and 9 beams , for C.S test it's take 3 cubes and 3 
beams , but for Impact test it's take 6 cubes and 6 beams due to sometimes the 
specimens have some high different in results and all them take into account . so, it's 
need to less variation by using higher specimens test . 
For RC , the concrete mix put in mold ( 10cm*10cm*50cm) inside it steel bar( Long 
55 cm , and Diameter 12mm ). 
However, Most of the studies that found they was talking about the use of plastics as 
general and sizes unknown and not knowing their own sizes and other details to them. 
This research  will study to use of plastic in sizes according to information sieves 
analysis , and replace them with small coarse aggregates, and to improve the 
properties of concrete and limit for cracks on it , and there is no any study founded  to 
test that use the Impact test and study of this test on concrete. 
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Chapter 3 – Methodology 
 
3.1  Introduction  
The goal of this research is to study and know the results of the replacement ratios of 
coarse aggregate  by plastic granules in the mix  concrete , and then  make a tests on 
these specimens and study behavior  the results with  ratios that was replacement by 
Plastic granules . 
On the other hand, try to make clean environment by uses waste Plastic in something 
help it, help people by decreasing cracks on concrete and early warning for collapses , 
decreasing  costs of concrete by using plastic granule.   
3.2 Materials  
 
• Fine aggregate (sand). 
• Uncrushed course aggregate. 
• Normal Portland cement (Cement type 1).  
• Plastic granules. 
• Water (fresh drinkable water). 
The method for preparation material before start tests is to change weight of materials 
from Kg to volume m
3
 that's due to change of Relative density between materials, The 
specific gravities of coarse and fine aggregates were 2.64 and 2.66 respectively, and 
Relative density for cement is 3.14 , and the Relative density for Plastic granules is 
0.8 , and we will replacement volume of coarse aggregate by 2.5% & 5% & 10%  
plastic granules  . 
3.2.1 Cement 
There are many of types of cement but today Portland cement is quite literally the 
glue that holds the world together, forming the basis of concrete, mortar, stucco and 
grout. The main post-Roman Empire innovation was the addition of aluminum and 
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iron oxides, which add strength and allow the calcium silicates to form at lower 
temperatures. 
Portland cement is quite literally the glue that holds the world together, forming the 
basis of concrete, mortar, stucco and grout. The main post-Roman Empire innovation 
was the addition of aluminum and iron oxides, which add strength and allow the 
calcium silicates to form at lower temperatures. 
Here’s a general recipe for Portland clinker (the dried, powdery version of cement). 
Proportions vary by application, depending on the desired material properties of the 
cement. 
 
Table 3.1: compounds of cement by Maddie Stone on gizmodo site (2016) 
Cement CCN  Mass % 
Calcium oxide, CaO C  61–67% 
Silicon dioxide, SiO2 S  19–23% 
Aluminum oxide, Al2O3 A  2.5–6% 
Ferric oxide, Fe2O3 F  0–6% 
Sulfate S   1.5–4.5% 
 
In all the Portland Cements, there are four major compounds. The variation in 
percentage composition of compounds influences the properties of cement. 
These compounds are given in table 3.2 below: 
 
& John  by Michael Mamlouk: Chemical compounds of cement Table 3.2
(1999)Zaniewski  
Compound Formula Shorthand 
form 
% by 
weight
1
 
Tricalcium aluminate Ca3Al2O6 C3A 10 
Tetracalcium aluminoferrite Ca4Al2Fe2O10 C4AF 8 
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Belite or dicalcium silicate Ca2SiO5 C2S 20 
Alite or tricalcium silicate Ca3SiO4 C3S 55 
Sodium oxide Na2O N 1 
Up to 2 Potassium oxide K2O K 
Gypsum CaSO4.2H2O CSH2 5 
 
These main phases are present in the clinker and in the non-hydrated Portland cement. 
They are formed at high temperature (1450 °C) in the cement kiln. Compounds 
referred as C3S, C2S, C3A and C4AF are known as the main crystalline phases of 
Portland cement. The phase composition of a particular cement can be quantified 
through a complex set of calculation known as the Bogue Formula. Michael 
Mamlouk& John Zaniewski (1999) 
 
3.2.2 Aggregate 
Fine and coarse aggregates make up the bulk of a concrete mixture. Sand, natural 
gravel, and crushed stone are used mainly for this purpose. Recycled aggregates (from 
construction, demolition, and excavation waste) are increasingly used as partial 
replacements for natural aggregates, while a number of manufactured aggregates, 
including air-cooled blast furnace slag and bottom ash are also permitted. 
The size distribution of the aggregate determines how much binder is required. 
Aggregate with a very even size distribution has the biggest gaps whereas adding 
aggregate with smaller particles tends to fill these gaps. The binder must fill the gaps 
between the aggregate as well as pasting the surfaces of the aggregate together, and is 
typically the most expensive component. Thus variation in sizes of the aggregate 
reduces the cost of concrete. The aggregate is nearly always stronger than the binder, 
so its use does not negatively affect the strength of the concrete. 
Redistribution of aggregates after compaction often creates in-homogeneity due to the 
influence of vibration. This can lead to strength gradients.  
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Decorative stones such as quartzite, small river stones or crushed glass are sometimes 
added to the surface of concrete for a decorative "exposed aggregate" finish, popular 
among landscape designers. 
In addition to being decorative, exposed aggregate may add robustness to a 
concrete.as shown in Figure 3.1: National aggregates production in the United States 
 
 
 
 
 
 
 
 
 
Figure 3.1: National aggregates production in the United States by USGS (1999)  
 
3.2.3 Admixtures 
 
Admixtures are chemicals added in very small amounts to the concrete to modify the 
properties while the concrete is still fluid and also after it has hardened and is in 
service. The quantity added is less than 0.2% and usually less than 0.1% of the 
concrete weight but even at this low level, admixtures have a very significant effect 
on the concrete properties. These effects include: 
 Increased fluidity: reduces noise and energy requirements during placing. 
 Optimized mix design: reducing embodied carbon dioxide and energy by 
enhancing the effectiveness of the cement component. 
 Reduced permeability: increases the durable life of the concrete. 
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 Reduced damage from harsh environments: including marine, freeze-thaw and 
subzero situations. 
 Improved quality: better finish and reduced service life repair. 
 
The admixture manufacturing process has been subject to an environmental inventory 
that has enabled Environmental Product Declarations (EPD) to be produced covering 
over 80% of admixture production in the European Union. 
3.2.4 Plastic Granules   
The PG have some characteristics, it's recycled and pass from sieve No. 4 (4.75mm), 
and stay on a sieve No. 8 (2.36 mm), the relative density for Plastic granules is 0.8 . 
Important note the replacement process must be based on volume, not mass, where 
the density of aggregates is higher than plastic, and this make so bad affect to 
concrete. This equation was used in the conversion of the Volume -to-Mass after Rep. 
volume by volume (density = Mass/Volume). 
 
3.2.5 Material Tests  
Made some tests before creating specimens of cubes and beams for our research, 
including : 
- Sieve analysis. (AASHTO T-27) / (ASTM) 
- Specific gravity. (ASTM C-127)  
- Amount of fines pass from sieve No #30 
 
3.3 Concrete Mix Design (British Method -  Job Mix Design) 
The compressive strength test are selected to be 40 MPa in our research , for mix 
concrete that will be measured by standard cube, our materials in research have a 
specific characteristic which include:   
•  70 % of fine aggregate pass from sieve No #30. 
• For Coarse Agg. the Relative Density 2.64 
• Crushed aggregate as a type used to mix concrete 
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• Maximum Size Aggregate  20mm for coarse aggregate 
• Portland cement type 1  with no-air entrained concrete   
STEPS for Job Mix Design ( British ) : 
1- Approximate compressive strength of concrete (C.S.O.C) on 28 days is selected, 
with free-water / cement    ratio of 0.5 according to the 1988 British method. The 
aggregate is uncrushed and cement is the ordinary Portland cement type 1.  
2- Finding w/c ratio (water/cement ratio ) of  40 MPa. C.S.O.C 
3- Identifying the amount of water content (kg/m3)  
4- Finding the amount of concrete  (kg/m3) 
5- Determining amount of Cement content (kg/m3) 
6- Identifying amount of total aggregate content (kg/m3) 
7- Finding amount of course aggregate & fine aggregate (kg/m3) 
All of these things are found using the figures and charts from British Method . 
( Using Concrete Technology” by A.M.Neville & J.J. Brooks 2010 ) 
Step 1:  
 Selected C.S.O.C as 40 MPa and take 47 MPa for Portlant Cement Type 1. 
Step 2:  
Using the following chart we can find water/cement ratio. 
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Figure 3.2: w/c ratio & compressive strength of concrete(N/mm2). 
 
The water content /cement ratio will be 0.57 and stay the same of the according. 
Step 3 : Find the amount of water content (kg/m3) using  the following  table  , and 
knowing that the slump test  the average value to slump is 7.5 cm. 
Table 3.3: water content & aggregate size. 
 
Then the result will be 195 kg/m3 of water content. 
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Step 4:  Find the amount of concrete  ( kg ) using  the following Chart  by using 
relative density 2.64  & water content 195 kg/m
3
 . 
 
Figure 3.3: Fresh density of concrete. 
 
Then the result will be 2395  kg/m
3
 amount of concrete. 
Step 5 : Find  the amount of cement content ( kg/m
3
 ) using the following equation .  
 ( 195/amount of cement  ) = 0.57 
Then the amount of cement will be equal = 195/0.57  = 342.10 kg/ m
3
 
Step 6:  Find the amount of total aggregate content (kg/m
3
) using following equation . 
Amount of total aggregate = 2395 -195 - 342.10 = 1857.9 kg/m
3
 
Step 7:  The amount of course aggregate & fine aggregate (kg/m
3
) is found using the 
following chart using slump is 7.5 cm & 70 % of fine aggregate pass from sieve No 
#30  and  water /cement ratio  0.57   
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Figure 3.4: Fine Aggregate Percentage 
 
- Find the fine aggregate using the following equation and the chart for 40 MPa and to 
Uncrushed aggregate : 
(total aggregate = 1857.9) * (production of fine agg. % = 0.34)  
= 631.6 kg/m
3
 
Fine aggregate will be equal = 631.6 kg/m
3
 
Then will find the coarse aggregate using the following equation: 
Coarse aggregate = 1857.9 - 631.6 = 1226.3  kg/m
3
 
 
Now, created the following tables for the amount of Materials to use on  one cubic 
meters sample for 40 MPa to Concrete Mix Design .  
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Table 3.4: Material for one cubic meters. 
Material for one cubic meters.(m
3
) 
Coarse aggregate 1226.3 kg/m3 
Fine aggregate Sand 631.6 kg/m3 
Cement content  342.10 kg/m3 
Water content   From   195 to 215  kg/m3 
W/C 0.57 
 
 
 
Figure 3.5: (0.1m*0.1m*0.1m)  0.001 cubic meters 
 
Table 3.5: Material for 0.001 m^3  . 
Material for 0.001 m^3 
Coarse aggregate 1226.3 g 
Fine aggregate Sand 631.6 g 
Cement content  342.10 g 
Water content   From   195 g to 215  g 
W/C 0.57 
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Figure 3.6: (0.1m*0.1m*0.5m )  0.005 cubic meters. 
 
Table 3.6: Material for 0.005 m^3 . 
Material for 0.005 m^3 
Coarse aggregate 6131.5 g 
Fine aggregate Sand 3185 g 
Cement content  1710.5  g 
Water content   From   975 g to 1075  g 
W/C 0.57 
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Table 3.7: Mixture properties of normal concrete 
Unit  
 
Cement  
 
Water  
 
Fine  
aggregate  
 
Coarse 
aggregate  
 
Weight (kg)  
 
342.10 195 631.6 1226.3 
Volume(m3)  
 
108.9 195 237.4 464.50 
 
 
Table 3.8 : Mixture properties of Plastic granules 
Unit  
 
Plastic 
Percent  
Cement  
 
Water  
 
Fine  
aggregate  
 
Coarse 
aggregate  
 
Plastic 
granules 
Weight (kg)  
 
- 342.10 195 631.6 1194.3 9.3 
Volume(m3)  
 
2.5% 108.9 195 237.4 452.4 11.6 
Weight (kg)  
 
- 342.10 195 631.6 1163.7 18.5 
Volume(m3)  
 
5% 108.9 195 237.4 440.8 23.2 
Weight (kg)  
 
- 342.10 195 631.6 1102.4 37.2 
Volume(m3)  
 
10% 108.9 195 237.4 417.6 46.4 
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36 Beam 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7: Experimental program steps for Cubes  tests 
 
 
 
 
 
 
 
 
 
\ 
 
Figure 3.8: Experimental program steps for Beam's  test 
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3.4 Tests on Concrete and R.C. 
 
Tested the concrete and RC after 28 days from the beginning of put the concrete and 
RC in the Framework ( specimens ) , and put it in the fresh water. 
The tests including C.S (Static) and Impact test ( Dynamic ) using Proctor 
modification test , were tested on both specimens ( Cubes and Beams ) for both tests. 
Firstly, prepared and mixed the Material as the design code requirements as each 
stage. 
 
Figure 3.9: Prepared the Material 
 
 
 
 
 
 
 
 
                                Figure 3.10 : Prepared the Plastic granules 
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Figure 3.11: Mix the material and create specimens 
 
 
 
Figure 3.12: Save Specimens in Fresh Water for 28 days 
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Figure 3.13 : Painting Beams specimens and preparING it . 
 
* Before test the specimens, We Painted Beams samples to see the first crack clearly 
and to see crack pattern too. 
3.4.1 C.S test for Concrete and RC  
Tested the specimens on C.S machine to see the strength in (KN/cm2)  and Deflection  
(mm ) but for beams we needed to some edit for this machine to get correct value  the 
edit was including to add Caliper to measure  the Deflection and Two plate steel .  
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Figure 3.14: C.S Machine and test the Beams specimens. 
 
 
Figure 3.15: C.S Machine and Test the Cubes Specimens . 
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3.4.2 Impact test for Concrete and RC  
The impact used to measure the endurance for Concrete and RC by Proctor 
modification test, this test is measure how many blows can be receives and the 
specimens didn't get failure and first crack (as Dynamic test). 
 
 
Figure 3.16: Impact test by PMT to Beams  Specimens . 
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Figure 3.17: Impact Test to Cubes  Specimens . 
 
Please Note: all these tests for all specimens was created after 28 days. 
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Chapter 4 - Experimental Tests Results 
 
4.1 Introduction  
This chapter will have a summary of the results obtained from laboratory tests that 
have been done on the sample tests of concrete and RC before and after replacement. 
4.2 C.S results for Concrete and RC  
Is knowing as Static test , he's using to measure the Compressive strength ( stress ) , 
the test is used for each 3 specimens from each ratio and Standard (0%) too . 
To measure the Def with Compressive strength for Beams, added caliper tool to the 
C.S machine. 
4.2.1 C.S results for Cubes (Concrete)  
The test is take 3 cubes specimens from each ratio and take average for the results for 
each one.  Table (4.1): show the results after using C.S machine and converted results 
to MPa. 
Table 4.1: C.S results for replacement , Cubes (Concrete) 
Percent 
replacement 
of PG 
(%) 
Compressive 
strength at 28 
days (kN/cm2) 
Compressive 
strength at 28 
days MPa 
0 
 
437 43.7 
2.5 
 
370 37 
5 
 
293 29.3 
10 
 
270 27 
 
 
 51 
 
 
Figure 4.1: Cubes test Results to Replacement of Coarse Agg. with %PG on C.S 
test . 
 
 
4.2.2  C.S with Def. results to Beam (RC )specimens  for Plain and PG   
The test is take 3 beams specimens from each ratio and take average for the results for 
each one.The Def. tool was added to C.S machine test in Beam specimens only. 
Table 4.1 show how the results change between different specimens with C.S and 
Deflection. 
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Table 4.2 : C.S  test results for plain and % of PG  on RC. 
Failure Measured B First crack Measured A     
Deflection Strength Deflection Strength Deflection Strength Deflection Strength PG  Type of 
concrete    mm KN/cm
2
 mm KN/cm
2
 mm KN/cm
2
 mm KN/cm2 % 
18.0 32.1 
12.4 19.5 
8.7 14 
6.9 10.5 
0 
  
        Plain 
26.6 38 18.1 24.5 8.9 13 8.0 5 0   
27.2 39.5 
  25 
10.5 16.5 
5.4 8.5 
0 
  
16.5         
25.2 30 
20.0 25.5 
13.4 14 
12.5 12 
2.5 
  
          
28.5 35 18.5 22 15.1 16 11.9 10 2.5 
Coarse 
Agg. 
replaced 
with PG  
30.0 34 
18.4 20.5 
15.9 15.5 
12.7 9.5 
2.5 
  
          
24.8 33.8 
18.0 25 
15.4 16 
10.2 10 
5 
  
          
23.2 33.4 16.9 25 12.5 15 9.9 11.5 5   
27.7 29 
20.1 24 
16.5 16.5 
17.3 11 
5 
  
          
20.8 21 
15.4 18.5 
10.6 10 
9.1 8 
10 
  
          
15.8 22.3 12.0 17 9.0 11 7.7 7.5 10   
22.2 24.4 
18.0 18 
14.8 13 
11.6 9 
10 
  
          
 
Please Note:  Measured A it's a measured on specimens before First crack happened, 
and Measured B it's a crack on specimens after first crack happened and before the 
failure specimens happened  
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Figure 4.2: flexural results by Replacement of Coarse Agg. with 0%PG and add 
Def. tool . 
 
 
Figure 4.3: flexural results by Replacement of Coarse Agg. with 2.5%PG and add 
Def.  tool 
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Figure 4.4: flexural results by Replacement of Coarse Agg. with 5%PG and add 
Def. tool . 
 
Figure 4.5: flexural results by Replacement of Coarse Agg. with 10%PG and add 
Def.  tool . 
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4.3 Impact test results for Concrete and RC  
Impact test is a dynamic test for concrete and RC, the number impact blows required 
for producing the first visible crack and ultimate failure but only ultimate failure for 
Cubes. 
Impact test is used by using PMT, it's similar to impact machine test as possible. 
Number of specimens for each replacement ratio is 6 Beams and 6 Cubes. 
4.3.1 Impact test results for Cubes ( concrete ) : 
The test using PMT for cubes ( concrete ) specimens and Table (4.3) show the No. of 
blows to Failure for each replacement ratio even the plain too , such this  test is used 
to measure dynamic load for concrete . 
Table 4.3: Impact test results for Cubic ( Concrete ) using PMT 
Average Impact 
energy (kN.m) 
Impact 
energy 
(kN.m) 
Average 
for 
Failure 
No. of 
blows to 
Failure 
PG % 
Type of 
concrete 
195.99 
145.18 
11 
      
8 0 Plain 
235.91 13 0   
127.03 7 0   
326.65 18 0   
145.18 8 0 
  
  
508.12 
417.39 
28 
23 2.5 
Coarse 
Agg. 
replaced 
with PG 
653.31 36 2.5 
362.95 20 2.5 
399.24 22 2.5 
689.6 38 2.5 
526.28 29 2.5 
858.98 
544.42 
47 
30 5 
562.57 31 5 
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1070.7 59 5 
1215.88 67 5 
635.16 35 5 
1125.15 62 5 
986.05 
780.34 
53 
43 10 
925.52 51 10 
816.64 45 10 
1125.15 62 10 
1161.44 64 10 
1107 61 10 
 
 
 
 
Figure 4.6: Failure cubes for Impact test for No. of blows with Replacement coarse 
Agg. ratio by %PG . 
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Figure 4.7: Failure impact energy against volume fraction of PG on Cubes 
specimens . 
 
4.3.2 Impact test results for Beams ( RC )  
The test using PMT for Beams  ( RC ) specimens and Table (4.4) show the No. of 
blows to First visible crack and Failure for each replacement ratio even the plain too , 
such this  test is used to measure dynamic load for RC  . 
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Table 4.4 : Impact test results for Beams ( RC ) using PMT 
Average Impact 
energy (kN.m) 
Impact energy 
(kN.m) 
Average  no. of 
blows 
No. of blows   
Failure 
First 
crack 
Failure 
First 
crack 
 Failure 
First 
crack 
 Failure 
First 
crack 
PG% 
Type of 
concrete 
1745.79 116.14 
1851.05 145.18 
96 7 
102 8 0 
Plain 
2268.45 127.03 125 7 0 
1760.31 108.88 97 6 0 
1542.54 108.88 85 6 0 
1306.62 90.73 72 5 0 
2250.29 139.12 
2468.07 163.32 
124 8 
136 9 
  
Coarse 
Agg. 
replaced 
with PG 
2.5 
1669.57 90.73 92 5 2.5 
2994.35 145.18 165 8 2.5 
3085.09 181.47 170 10 2.5 
1705.87 127.03 94 7 2.5 
1578.84 127.03 87 7 2.5 
2591.47 148.8 
1705.87 145.18 
142 9 
94 8 5 
4736.52 199.62 261 11 5 
3121.38 181.47 172 10 5 
1978.08 90.73 109 5 5 
1415.51 127.03 78 7 5 
2253.92 
 
 
 
 
108.88 
3756.55 108.88 
121 6 
207 6 10 
1016.26 127.03 56 7 10 
1959.94 163.32 108 9 10 
2522.51 72.59 139 4 10 
2014.38 72.59 111 4 10 
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Figure 4.8: First crack beams to Impact test for No. of blows with Replacement 
coarse agg. ratio by %PG . 
 
 
Figure 4.9: Failure beams to Impact test for No. of blows with Replacement coarse 
Agg. ratio by %PG . 
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Figure 4.10: First crack impact energy against volume fraction of PG . 
 
 
Figure 4.11: Failure impact energy against volume fraction of PG . 
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Chapter 5 - Test Results and Discussion 
 
5.1 Introduction  
This chapter presents and discusses the results of the tests that were performed in 
order to study effects of Plastic granules with concrete and RC after 28 days . The 
results were observed from compressive strength and Impact by proctor modification 
test  (PMT)  tests by using several ratio of PG , 0 ( slandered ) , 2.5 , 5 and 10% , and 
every ratio have 9 cubic and 9 Beam specimens , then tests were performed at the 
Materials Laboratory at the University Of Palestine (UP) in Gaza. 
5.2 Effects of using Plastic Granules on Concrete & RC  
5.2.1 Using Impact (PMT ) test for %PG on concrete & RC specimens 
 
Impact testing can be defined as measure an object's ability to resist high-rate loading. 
It is usually thought of in terms of free fall object striking . 
It's measured as the number impact blows required for producing the first visible 
crack and ultimate failure for each ratio of PG and standard.  
 Material's ability to resist impact often is one of the determining factors in the service 
life of a part, or in the suitability of a designated material for a particular application. 
 
5.2.1.1 Using Impact (PMT) Test for Cubes specimens 
Figure (4.6) shows the test results for Average numbers of blows for Failure and ratio 
of Replacement of 0% PG, 2.5% PG , 5% PG and  10% PG . 
For cube specimens we observed only the number impact blows to make failure of the 
specimens . It's observed numbers of blows to failure cubes concrete are increasing 
for every increasing in Replacement Coarse agg. by % PG on concrete  until 10% PG. 
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Figure 4.6: Failure cubes for Impact test for No. of blows with Replacement coarse 
agg. ratio by %PG . 
At 2.5% PG the number impact blows required for producing the ultimate failure is 
increasing by 170% from the original (0%PG), and at 5% PG the number impact 
blows required for producing the ultimate failure is increasing by 360%  , at 10% PG 
the number impact blows required for producing the  ultimate failure is increasing by 
420%  .  
That was very good results for PG with concrete and its can resist high impact loading 
, This results apply to that results collected by Bayasi & Zeng ( 1993) . They found 
these plastic fibers significantly increased the impact resistance of concrete for 
volumes that do not affect mix workability (less than 0.5%), while, at higher volume 
contents, impact resistance may tend to decrease., but in our research about PG it's 
didn't decreasing for higher 0.5% PG but it's increasing more . 
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5.2.1.2 Using Impact test for Beam specimens (RC) 
It's measured by the number impact blows required for producing the first visible 
crack and ultimate failure, for each type of concrete specimens  , 0 , 2.5 , 5 and 10 %  
of Coarse Agg. by PG on the RC concrete Mixes . 
*  First crack for Beam specimens using Impact test 
The Figure (4.8) shows the test results for Average numbers of blows for first crack 
and ratio of Replacement of 0% PG , 2.5% PG , 5% PG and  10% PG . 
It's observed numbers of blows to first crack in Beam (RC) are increasing for every 
increasing in Replacement Coarse agg.  by % PG on concrete until 5% PG and after 
5% PG it's beginning to decreasing. 
 
 
 
 
Figure 4.8: First crack beams for Impact test for No. of blows with Replacement 
coarse agg. ratio by %PG . 
 
At 2.5% PG the number impact blows required for producing the first crack is 
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blows required for producing the  First Crack is increasing  by 28%  rather than 
Bayasi & Zeng ( 1993) , conducted if increase higher 0.5% of Fiber then impact 
resistance a decreasing.   In our research about PG it's start to decreasing for first 
crack with higher 5% of PG , at 10% PG it's decreasing 15% . 
But Mustafa Al, et al (2012 ),  proposed . the first crack resistance increases by 26% 
and 68% with 5% and 10% replacements respectively.  For 5% of PG it's really 
around their results is about increases by  26% , but for 10% of replacement they got 
better results about replacement  cement by rubber powder rather than  Rep. PG by 
Coarse Agg. . 
* Failure for Beam specimens using Impact test 
The Figure (4.9) shows the test results for Average for Failure and ratio of 
Replacement of 0% PG, 2.5% PG, 5% PG and 10% PG. 
It is observed numbers of blows to Failure in Beam (RC)  are increasing for every 
increasing in Replacement Coarse agg.  by % PG on concrete  until 5% PG and after 
5% PG it's beginning to decreasing . But even when it's decreasing between 5% and 
10% of PG for the numbers of blows to Failure in Beam, it's stay better than the 0% of 
PG (standard). 
 
Figure 4.9: Failure beams for Impact test for No. of blows with Replacement coarse 
agg. ratio by %PG . 
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At 2.5% PG the number impact blows required for producing the  ultimate Failure is 
increasing by 29%  from the original (0%PG)  , and at 5% PG the number impact 
blows required for producing the  ultimate Failure is increasing  by 47%  rather than 
Bayasi & Zeng ( 1993) , they found if increasing higher 0.5% of Fiber then make a 
decreasing of impact resistance .  and it's meaning the PG is better than polypropylene 
fiber for more than 0.5% ratio and it's got higher point at 5% PG , but in our research 
it's start to decreasing of impact resistance to make ultimate Failure at increasing PG 
more 5% , but at 10% of PG the number impact blows required for producing the  
ultimate Failure is increasing by 26%  from the original (0%PG) and it's still better 
than 0% of PG to the  ultimate Failure . But with Mustafa Al,  et al (2012 ),  proposed 
ultimate Failure resistance are increases by 26% and 68% with 5% and 10% 
replacements respectively, of cement by rubber powder. that's meaning their results 
for 10% of cement by rubber powder were around our results for 5% PG , but at 10% 
of PG were around their 5% rubber powder results. 
5.2.2 Using Compressive and flexural strength with Deflection tool test  for 
%PG on concrete & RC specimens 
 
Is most common performance measure used by the engineer in designing building and 
other structure and calculated from the failure load divided by cross section area 
resisting the load and reported in units (kN/cm2) and Unit conversion to MPa. 
Concrete with 40MPa compressive strength was prepared as the controlled mix for 
our research, and maximum Coarse agg.  size was 20 mm, and the fine aggregate was 
natural sand. Plastic Granules are pass from sieve No. 4 (4.75mm), and stay on a sieve 
No. 8 (2.36 mm). 
5.2.2.1 Using Compressive strength test for Cubes specimens 
The Figure (4.1) Shows the test results for Compressive strength and ratio of 
Replacement of 0% PG, 2.5% PG, 5% PG and 10% PG. 
The strength of cubes specimens is decreasing for every increasing ratio of 
Replacement Coarse Agg. by 0% PG, 2.5% PG, 5% PG and 10% PG. The ratio 
between 0% and 2.5% of PG have good results and can bearing strength of 40 MPa. 
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Figure 4.1: Cubes test Results to Replacement of Coarse Agg. with %PG on C.S test . 
 
At 2.5% PG the compressive strength is decreasing by15% , and at 5% PG the 
compressive strength is decreasing by33% ,  and at 10% PG the compressive strength 
is decreasing by38 % , For B.T. Ashwini Manjunath (2016) , in their studied he's 
found  comparing above results with conventional concrete at 28 days the 
compressive strength  is reduced by 52.98% when coarse aggregate is replaced by 
20% of E-waste, this research where similar for our research , and for Abdulkader 
A,& Nahla H, (2015) , found that the plastic fibers have reverse effect on the fresh 
properties of self-compacting concrete and improvement by hardened properties , but 
for Youcef Ghernoutia et al ( 2014 ),  proposed the Fusion  of PBWF has not a 
significant effect on the compressive and flexural strengths, it has a important effect 
on the split tensile strength value at 28 days., but in our research have different results 
and it's really affect to  compressive strength . 
and this research have same idea , Dr. Sheelan M. H, & Dr. Nahla N. H, ( 2016 ) , 
conducted decreasing in compressive strength was observed as plastic content 
increased comparison with control mix without plastic waste , and this too , Khattab 
S. A, ( 2015 ) , proposed decrease takes place in strength properties when waste 
plastic is partially replaced by sand (in order to produce nonstructural LWC). 
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* There are many researchers have the same idea for Plastic with concrete mix , 
decreasing in compressive strength with as plastic content increased with control mix 
without plastic waste . 
 
5.2.2.2 Using Flexural Strength with Deflection Tool for Beam Specimens 
(RC) 
Shows the test results for Compressive strength and Def. for every ratio  0% PG , 
2.5% PG , 5% PG and  10% PG . 
* Amylases results for Beam Specimens Using Flexural Strength with 
Deflection Tool for 0%PG 
 
The Figure 4.2:  Shows the test results for flexural strength and Def. for 0% PG in the 
First crack. 
The Def. was lower than 2.5%, 5% and 10% PG, and 0% PG has a short period time 
for the Beam specimens, that was is problem for warning to collapse the structure, or 
to repair the cracks.   
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Figure 4.2: flexural results by Replacement of Coarse Agg. with 0%PG and add 
Def.  tool . 
 
At flexural strength 8.5kN/cm
2
 the Def. was 5.4 mm, and for any increasing the 
flexural strength the Def. was increasing too, and at flexural strength 16.5kN/cm
2
 the 
Def. was 10.5 mm then the first crack to the specimens happened, at the flexural 
strength 25.1kN/cm
2
 the Def. was 16.5 mm but when the flexural stren 
gth 39 kN/cm
2
 the Def. was 27.2mm and then the ultimate failure happened to the 
specimens and can't resistance any load or Def. more. . 
* Analyses results for Beam Specimens Using Flexural Strength with 
Deflection Tool  For 2.5% PG 
Figure 4.3:  Shows the test results for flexural strength and Def. for 2.5% PG in the 
First crack . 
The Def. is higher than 0% & 5% and 10% PG, and it's has best results with Def. & 
strength , and it's have higher long period for collapse structure ,that's very good for 
warnings and solve the cracks in structure .  
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S. Gowri & N. Rajkumar ( 2004 ) , conducted plastic straw mixed RC columns have a 
uniform strain variation pattern up to initial crack load and the strain increased more 
with increase in minimum load. 
 
 
Figure 4.3: flexural results by Replacement of Coarse Agg. with 2.5%PG and add 
Def.  tool . 
 
At 2.5% PG the flexural strength to make the first crack to the specimens  happened at 
15.5kN/cm2 and the Def. was 15.9mm , its meaning an increasing for flexural 
strength  by 4.5% and in Def. increasing by 58% from the reference RC concrete (0% 
PG , slandered ) , but at the ultimate failure  the flexural strength decreasing by 10% 
and the Def was increasing by 16% . For  S.Gowri & N. Rajkumar ( 2004 ) , there 
have similarly  idea , From their studies it is show that the polythene sheet mixed RC 
columns were found to resist an average load of 105.5 kN in compression. This was 
better than the reference RC columns which took an average load of 100 kN , and the 
reference RC columns were found to have a maximum strain of 0.2x10^-3 at 
maximum load of 100kN ,  The polythene sheet mixed RC columns were found to 
have a maximum strain of 2.67x10^-3 at maximum load of 105.5kN. The strain was 
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found to increase with slight increase in load. Youcef Ghernoutia et al ( 2014 ),  found 
the Fusion  of PBWF has not a significant effect on the compressive and flexural 
strengths, it has a important effect on the split tensile strength value at 28 days., but in 
our research have different results and it's really affect to flexural strengths. 
* Amylases results for Beam specimens using flexural strength with Deflection 
tool  for 5% PG 
Figure 4.4:  Shows the test results for flexural strength and Def. for 5% PG in the first 
crack. 
The Def. is higher than 0% and 10% PG, but is lower than  2.5 % PG , and it's have 
good results with deflection & strength , and it's have high long of  period for collapse 
structure ,that's good for warnings and solve the cracks in structure . 
 
Figure 4.4: flexural results by Replacement of Coarse Agg. with 5%PG and add Def. 
tool. 
At 5% PG the flexural strength to make the first crack to the specimens happened at 
16.5 kN/cm
2
 and the Def. was 16.5 mm , its meaning an increasing for flexural 
strength by 9% and in Def. increasing by 58% from the reference RC concrete (0% 
PG , slandered ) , but at the ultimate failure  the flexural strength decreasing by 13% 
and the Def was increasing by  16% . Sina Safinia & Amani Alkalbani ( 2016) , they 
comparison to Omani hollow concrete blocks the concrete blocks with plastic bottles 
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and they found the  57% higher compressive strength . Rahmani et al. (2013),   ),  It's 
observed that the 5% replacement of fine aggregates with PET particles yields better 
results in compression. On 5% replacement compressive strength of concrete 
increases by 8.86% and 11.97% for a water cement ratio 0.42 and 0.52 respectively . 
this results was around the our results for RC beam in the First crack but it's different 
with ultimate failure due to there are decreasing in the flexural strength . Saikia & 
Brito (2014) , studied the compressive strength of concrete with 5%, 10% and 15% PP 
aggregate is more than 75% of the compressive strength of reference concrete . This 
research wasn't like our results , in our results the  compressive strength for ultimate 
failure is decreasing by increasing ratio of  PG for more than 0%PG (reference 
concrete ) 
 
*  Amylases results for Beam specimens using flexural strength with 
Deflection tool  for 10% PG 
Figure 4.5:  Shows the test results for flexural strength and Def. for 10% PG in the 
First crack. 
It's have True shape and the Def. was lower than 2.5%,5% PG , but it's still better than 
0% PG ( Slandered ) and even while using 10% Rep. Coarse agg. by 10% PG, the 
Def. in 10% more better than 0% PG . 
 72 
 
Figure 4.5: flexural results by Replacement of Coarse Agg. with 10%PG and add Def.  
tool . 
 
At 10% PG the flexural strength to make the first crack to the specimens happened at 
13kN/cm2 and the Def. was 14.8mm, its meaning an decreasing for flexural strength 
by 22% and in Def. increasing by 22% from the reference RC concrete (0% PG, 
slandered) , but at the ultimate failure  the flexural strength decreasing by 39% and the 
Def was increasing by  19%. For S.Gowri & N. Rajkumar ( 2004 ) , From their 
studies it is show that the polythene sheet mixed RC columns were found to resist an 
average load of 105.5 kN in compression. This was better than the reference RC 
columns which took an average load of 100 kN. and Plastic straw mixed RC columns 
have a uniform strain variation pattern up to initial crack load and the strain increased 
more with increase in minimum load. it's didn't acceptable with 10% of PG and it's 
haven't increasing in flexural strength or in strain, but it's decreasing for both at 
ultimate failure . Raafat f, et al  (2008) , In their  Research they found the compressive 
strength decreased with the increase in recycled plastic content. Reduction in the 
compressive strength was between 34% and 67% for concrete containing 10–50% 
recycled plastic . And for Rai et al. (2012) , reported that the flexural strength of 
concrete decreases with the addition of plastic fiber. When fiber is added from 5% to 
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15%, flexural strength decreases from 4 MPa to 3 MPa. But in our research at 10% 
PG the flexural strength decreasing more than 39%. 
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Conclusions and Recommendations)) 
 
 
 
 
 
 
 
 
Chapter 6 - Conclusions and Recommendations 
 
6.1 Introduction  
In this chapter, the final results discussed in previous chapters will be summed up, 
depend on current studies in this research, and there are many of notes in the previous 
results. To write some recommendations to take into account in future studies. 
6.2 Conclusions 
6.2.1 For Impact Loading Test 
 
6.2.1.1 Impact loading for Cubes specimens  
There is increasing in resistance for impact loading by an increasing the Plastic 
Granules ratio for specimens, at 10% of PG it's got the higher points in the impact 
loading resistance, then we can say the Plastic Granules improvement the concrete 
prop rites for hardened concrete (Dynamic load).  
The Optimum ratio of plastic granules for concrete only is 10% of PG 
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6.2.1.2 Impact Loading for RC Beam specimens 
There is increase in resistance for impact loading by an increasing the plastic granules 
ratio for specimens to 5% then start to decreasing, at 5% of plastic granules the 
resistance for impact loading got higher one, at 10% of PG the resistance of impact 
loading come down to lower than 5% and 2,5% but still better than 0% of PG.  
The optimum ratio of Plastic granules for RC concrete (Beam) only is 5% of PG. 
6.2.2 For Compressive and Flexural Strength Test 
  
6.2.2.1 Compressive Strength Test for Cubic Specimens 
The compressive strength for cubes decreases for every increase in ratio of 
replacement of coarse agg. by  plastic granules , at 10% plastic granules the 
compressive strength got  lower than the reference cubes sample .  
The optimum ratio of plastic granules for compressive strength on concrete only is 
1% of plastic granules. 
 
6.2.2.2 Flexural strength test for RC specimens 
The flexural strength for RC Beam increasing before the first crack happened, and 
after happened the Flexural strength decreasing until ultimate failure happened, these 
happened for 2.5% and 5% of PG, but at 10% of PG, the Flexural strength decreasing 
from the beginning until ultimate failure happened to the specimens. 
But the Deflection have best results with 2.5 and 5% of Plastic Granules and 
decreasing for 10% of PG .  
The Optimum ratio of Plastic granules for Flexural strength on RC concrete only is 
1% of plastic granules. 
 
6.3 List of Conclusions 
 
1- Replacement of ratio Coarse aggregate by ratio of plastic granules shows very good 
behavior with deflection. 
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2- Replacement of ratio coarse agg. by ratio of PG shows very good behavior 
with number of blows can carrying. 
3- The number of blows increasing to make failure for the specimens when high 
Plastic Granules on upper surface. 
4- Gradation in the concrete mix is very important in save the stability and strength, 
that was used in this research through a replaced Coarse Agg. by PG using sieves, 
Where the Coarse Agg.  Pass through a sieve No. 4 (4.75mm) . And stay on a sieve 
No. 8 ( 2.36 mm ) , By PG  which did the same thing .  
5- Rep. 2.5% to PG, show higher Def. carrying and higher Impact loading (Number of 
blows) . 
6- Rep. 5% from Coarse Aggregate to PG, show high Def. & high Impact (number of 
blows) against 0% PG. 
7- Rep. 10% coarse agg. to PG, show the Def. and Impact (number of blows) are 
decreasing but it's better and higher than 0% PG . 
8- The C.S test for 2.5%PG is decreasing little bit against 0% PG but it takes higher 
Def., that's was better to save people and structure from sudden collapse. 
10- If ratio of PG increasing more 10%, it's will be earlier failure to structure. 
9- 0% PG in Impact test, has lowest number of blows and can't carrying dynamic load 
on it like 2.5% or 5% or even 10% ,  and  with C.S test the Def. too short  against  
2.5% and 5% . 
 
6.4 Recommendations: 
 
Based on the results discussed previously, it's was recommended as the following: 
1- It is recommended to use another mixes design with different gradation. 
2- It is recommended to use same concrete mix design and gradation then make same 
tests after 60 days, and if possible at 100 days. 
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3- Make another types of tests that's can be performed on specimens such as Unit 
weight, Porosity test. 
4- The government, go development this research and make the Plastic waste as a 
benefit to the people and environment rather than make it dangerous. 
5-  It's recommended to test the fresh concrete with PG by Slump test , Flow test , 
Penetration test . 
6- Use some admixture with plastic and concrete mix to help in increasing strength 
but without decreasing the Def. 
7- It is recommended to use 2.5% in PG with concrete mix to make more Safe 
structural with too low in decreasing strength , and can save money . 
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Appendix  A  
 
 
A 4.5 kg impact drop hammer was raised to 0.457 m above the specimens , and then 
released by following the procedure of Mohammadi et al. (2009 ) , The hammer was 
dropped repeatedly and the number of blows required to produce the first visible 
crack in the specimens and for the ultimate failure were recorded. The impact energy 
imparted by the hammer for ‘n’ number of bows (U) with a hammer velocity ‘ ’ was 
calculated as follows:  
 
U = n*0.5* m*(V^2)  
V=( 2*(0.9*g)*h )^0.5 
 
m = mass of the hammer, h = drop height, and g = gravitational acceleration. The 
factor, 0.9 accounts for effect of the air resistance and friction between the hammer 
and the guide rails. 
 
Examples :- 
 
Number of blows required to produce the first visible crack in the specimens ( is = 9 
) 
 
V= (2* (0.9* 9.8) * 0.457) ^0.5 = 2.84 
U= 9 * 0.5 * 4.5 (2.84 ^2) = 163.32 
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Appendix B : Shown the shape of the cracks with 0% PG 
 
 
 
Figure B-1 After made C.S test to cubes 
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Figure B-2 Figure B-1 After made flexural strength test to beam 
 
 
Figure B-3 after made C.S test to cubes 
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Figure B-4 after made Impact loading test to cubes 
 
 
 
 
 
 
 
Figure B-5 after made Impact loading test to beam 
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Appendix C : Shown the shape of the cracks with 2.5% PG 
 
 
 
 
Figure C-1 Figure B-1 After made flexural strength test to beam 
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Figure C-2 After made C.S test to cubes 
 
 
 
 
Figure C-3 after made Impact loading test to cubes 
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Figure C-4 after made Impact loading test to beam 
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Appendix  D  : Shown the shape of the cracks with 5% PG 
 
 
 
Figure D-1 Figure B-1 After made flexural strength test to beam 
 
 
Figure D-2 After made C.S test to cubes 
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Figure D-3 after made Impact loading test to cubes 
 
 
 
Figure D-4 after made Impact loading test to beam 
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Appendix  E  : Shown the shape of the cracks with 10% PG 
 
 
 
 
 
Figure E-1 After made C.S test to cubes 
 
 
 
Figure E-2 after made Impact loading test to cubes 
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Figure E-3 after made Impact loading test to beam 
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